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Abstract:

This paper presents a new approach towards power
distribution systems in Radars that provides full automation in
process control areas vis-a-vis conventional relay type control.
This design approach utilizes PAC8000 programmable logic
controller (PLC) as the control equipment and Supervisory
control and data acquisition (SCADA) system for the remote
monitoring and control of various subsystems.
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| INTRODUCTION

Automation, a Greek word means “self dedicated”.
Automation is the key to modernization and has been
conceptually understood as a way to increase efficiently
and to improve productivity.

Programmable Logic controllers are being used extensively
in the process and automation industry. For the last few
decades, Programmable Logic Controller (PLC) has been
widely accepted in various process industries which is a
solid state device designed to perform logic functions [1].
PLC has several known features including, flexibility,
reliability, low power consumption and ease of
expandability. The software abstraction level changes mere
requirement in extending and optimizing the control
process rather than internal rewiring [2, 3].

While PLCs provide the interfacing facility with the field
equipments, supervision is required for the process control
at the users’ end. To achieve this goal, the supervisory
system of a process must collect, supervise and record
important sources of data linked to the process, to
detect the possible loss of functions and aert the human
operator.

With the advances of electronic and software
technologies, the SCADA systems are widely used in
industrial plant automation. It provides an efficient tool to
monitor and control equipment in manufacturing processes
on-line.

SCADA is the acronym for "Supervisory Control and Data
Acquisition". SCADA systems are widely used for
supervisory control and data acquisition of diverse kind of
processes. Such process can be industrial, infrastructure or
facility [4].

SCADA systems became popular to arise the efficient
monitoring and control of distributed remote equipment’s
[5]. PLC can have the communication with SCADA
through tags of information [6]. In literature, many reports

are found pertinent to successful integration of PLC with
SCADA for number of applications[7, §].

SCADA systems play a vital role providing power related
utilities with valuable knowledge and capabilities that are
keys to a primary business function - delivering power in a
reliable and safe manner. A quality SCADA solution is
central to effective operation of a utility’s most critical and
costly distribution, transmission, and generation assets.
Power distribution in radar systems is a significant area
which requires considerable amount of accuracy,
efficiency and safety in its design phase. To this date, radar
systems power distribution is handled manualy due to
which remoting, monitoring and maintenance of the system
becomes a cumbersome task and is more prone to human
errors.

This paper presents the application of PLCs & Supervisory
control and data acquisition (SCADA) system in the radar
systems particularly Arudhra Radar. The power
distribution scheme has been implemented in the form of
PLC based Power Distribution Panel. This design mainly
uses configuration software to conduct configuration
design for the power distribution monitoring and control
system. It provides rea time data and status display for
field equipments and integrates with reports, database, and
other functions so as to help query and analyse historica
data.

Il SYSTEM DESIGN

1 Arudhra System — General Overview and functional description

Arudhra radar major subsystems are Power system (DG,
UPS & Rectifier), Pedestal Assembly, Cooling system,
Radar Shelter and Operations shelter (OPS). All these
subsystems communicate to each other on LAN using
Radio / Optical Fiber media as shown in Figure 1 given
below.

Each of the maor subsystems (DG, Cooling system,
Radar, OPS) has individual PLC through which they can
be controlled and monitored locally. Apart from that, each
of the PLCs can be controlled and monitored from a
remote PLC (Radar Shelter or OPS shelter).
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Figure 1: General Overview

This inter-PLC communication provides current status and
helps to teke immediate decisions in case of any
emergency or fault of any subsystem. The facility of dlarm
logging proves helpful in troubleshooting and digging to
the root cause of the faults. The screens are password-
protected and master management is available to avoid any
ambiguity in the controlling of system.

2 System Architecture

PLC based PDP system used in Arudhra Radar controls
and monitors the power distribution in two shelters namely
(1) Radar Shelter (2) OPS Shelter.

Each shelter houses a PDP Rack which individually
controls and monitors the distribution in that shelter;
moreover each shelter can be fully monitored and
controlled remotely from other shelter. The architecture of
the PDP system is divided into three layers namely, System
Monitoring Layer, System Communication Management
Layer and Field device Layer.

System Monitoring Layer: Includes Touch Input Panel,
Multi  Function meter, Sensors, Aspiration Smoke
Detectors.

System Communication Management Layer: Includes
LAN Switches, Cimplicity SCADA server, PLCs.

Field device Layer: Includes Contactors, MCBs €tc.

The monitoring of the system is done through
CIMPLICITY SCADA System. Various communication
protocols are being used viz, MODBUS TCF/IP,
MODBUS R$485. In some scenarios, the scripts are being
utilised for communicating on RS232, UDP protocols. The
topology is shown in Figure 2.
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Figure 2: System Topology

Il PDP-HARDWARE DESCRIPTION

PDP Rack Dimensions (in mm): H1700* W600* D400

Net weight approximate (in Kg): 300

The PDP hardware comprises of following major
equipments:

1) PAC8000 Controller (PLC)

2) Analog and Digital carriers

3) DC Power Supplies

4) Circuit Breakers

5) Contactors, DC Relays

6) Touch Input Display (TID)

7) Sensors (Temp, Humidity, Airflow, Fire/Smoke)

8) Multifunction Meter (RS-485 Interface)

9) Capacitors Bank

10) UPS

11) Battery

12) PHS and N-G Voltage Meters

13) Current Transformers

PACB8000 is the CPU of the whole PDP System. Each
PACB8000 node can address up to 64 1/0O modules which,
depending upon the number of channels per module, can
provide up to 1024 /O points at a single node. A node can
consist of a mixture of analog and discrete modules and
this gives maximum flexibility to the system designer.

This project uses 32 Digita Inputs, 13 Digital Outputs and
7 Andog Inputs to the PAC controller through the DI, DO
and Al cards. All the PLC related modules are powered
through UPS for continuous power supply.

The Figure 3 below shows the PDP Rack currently utilised
in Arudhraradar.

Figure 3: PDP Rack in Arudhra
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IV PDP-SOFTWARE DESCRIPTION

The software module of the project consists of PLC
Configuring & programming workbench and Supervisory
Control and Data Acquisition software. The specifications
of the PLC programming software are PAC8000
workbench and the SCADA software used is HMI Scada
Cimplicity Workbench 8.2.

1 PACB8000 Workbench

The commonly used language for PLC's is ladder logic.
The ladder logic programming language is an adaptation of
an electrica relay-wiring diagram. The input to the PLC
can be wired as normally open contact or normally closed
contact depending on this when the input is actuated the
input relay may turn on or off respectively. The Figure 4
given below shows a snapshot of PAC8000 Workbench.

f—— — =
Fi gure 4 PAC8000 Workbench

1 SCADA Architecture

SCADA architecture supports TCP/IP, UDP or other IP-
based communications protocols as well as strictly
industrial protocols such as Modbus TCP, Modbus over
TCP or Modbus over UDP, all working over private radio,
cellular or satellite networks.

A well planned and implemented SCADA system not only
helps utilities deliver power reliably and safely to ther
customers but also helps to lower costs, achieve higher
customer satisfaction and retention and enable increased
operational and tariff flexibility.

The SCADA system usualy consists of the following
subsystems[9]:

e A human-machine interface or HMI is the
apparatus or device which presents process data to
a human operator, and through this, the human
operator monitors and controls the process.

e A supervisory (computer) system, gathering
(acquiring) data on the process and sending
commands (control) to the process.

e Remote termina units (RTUs) connecting to
sensors in the process, converting sensor signals
to digital data and sending digital data to the
supervisory system.

e Programmable logic controller (PLCs) used as
field devices because they are more economical,
versatile, flexible, and configurable than special-
purpose RTUs.
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e Communication infrastructure connecting the
supervisory system to the remote terminal units.

The SCADA system used in this project uses HMI Scada
Cimplicity Workbench 8.2 as the programming tool. The
screens developed are designed so as to monitor and
control the power distribution to the whole shelter from a
single location. The user accessible GUI is shown in Figure
5 and Figure 6.
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Figure 5: Status and Control Window
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V PROCESSDESCRIPTION

The power distribution has two modes of operation in the
shelter:

1) Auto Mode: In this mode, the PLC monitors and
controls the power distribution according to the logic built
in the memory.

2) Manua Mode: In this mode the controlled capability of
the PLC is bypassed and SCADA now only monitors the
power distribution status. The power distribution is done
manually by the operator. This mode is used only in case
of emergency conditions when al the environmental
checks etc are to be bypassed and the systems need to be
kept ON.

The equipments in the shelter are divided into three main
domains:

1) Critical Equipment: Power distributions take place if
thereis no Fire/Smoke or Short Circuit.

2) Ancillary Equipment: Power distributions take place if
emergency, phase sequence and Neutral-to-ground
voltages are OK aong with Voltage and frequency is
within specified range.
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3) Technica Equipment: - Power distributions take place if

shelter temperature and Humidity are within specified

range.
The flowchart of the processis given below in Figure 7:
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Figure 7 : PLC Process Flowchart

VI COMPARATIVE STUDY

In the conventional relay based power distribution
systems, following points were observed:

1) Therewere too many wiring work in the panel.

2) Moaodification can be quite difficult.

3) Troubleshooting can be quite troublesome as a
skilful person may be required and takes longer
timeto repair.

4) Power consumption can be quite high as the coil
CONSUMES More power.

5) Remote operation & monitoring requires huge
cabling and is costlier and more prone to errors
due to unavailability of user interface.

As compared with the conventional system, PLC has the
following advantages:

1) Thewiring of the system usually reduces by 80%
compared to the conventional relay control
system.

2) The power consumption is greatly reduced as
PL C consumes less power.

3) The PLC sdf diagnostic functions enable easy
and fast troubleshoot of the system.

4) Madification of control sequence or application
can easily be done by programming through the
console or computer software without changing
of 1/0 wiring, if no additional Input or Output
devices are required.

5 In PLC System spare parts for relays and
hardware timers are greatly reduced as compared
to conventional control panel.

6) The machine cycle time is improved
tremendoudly due to the speed of PLC operation
is a matter of milliseconds. Thus, productivity
increases.
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7) The reliability of the PLC is higher than the
mechanical relays and timers.

VIl SALIENT FEATURES

The salient features of PLC based PDP are summarized
below:

e The environmental condition (Temp, Humidity,
Smoke, and Airflow) of the shelter is
continuously monitored through sensors which
send the analog values to PLC System.

e Control of power on basis of Phase sequence and
Neutral to ground voltage level Monitoring.

e Auto shutdown in case of Fire detection and/or
Short circuit.

o Safety of equipments is inbuilt in case of short
circuit or sparking.

e Rea time monitoring of Health Status of various
subsystems on Cimplicity SCADA.

e Red time monitoring of different parameters
(Voltage, Frequency, Temperature, Humidity,
Emergency etc) on Cimplicity SCADA TID.
Automatic Power Factor correction.

Setting of Alarms at various levels.

Debug Window for troubleshooting.

Web-based access of the Cimplicity screens on
remote systems on LAN.

VIII CONCLUSION

This paper presents the need of PLC and SCADA in the
present electrical industry. The SCADA system is used for
monitoring and controlling power industry from remote
areas. We presented the importance of PLC & SCADA and
the integration of Hardware and Software components to
the power distribution areas. Moreover, we proved the
importance on using Computer based system for
sustainable development in the automation of the power
distribution network to improve the customers' service and
the reliability of the network. Also the paper outlines the
generd concepts and required equipments for the
automation of such power distribution systems.
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